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VOLTAGE REGULATED LIGHT STRING 



This application claims the benefit of U.S. Provisional Application Serial No. 
60/291,754 filed May 17, 2001, which is incorporated by reference herein in its entirety. 
5 FIELD OF THE INVENTION 

The present invention relates generally to improvements in series connected light 
strings. More specifically, the present invention relates to techniques for providing a string 
set of series-connected lamps in which each of the lamps may operate with a shunt circuit. 

BACKGROUND OF THE INVENTION 
10 One of the most common uses of light strings is for decoration and display purposes, 

particularly during Christmas and other holidays, and more particularly for the decoration of 
Christmas trees, and the like. Probably the most popular light sets currently available on the 
market, and in widespread use, comprise thirty-five or fifty miniature light lamps each, with 
each lamp typically having an operating voltage rating of 3.5 or 2.5 volts respectively, and 
1 5 whose filaments are connected in an electrical series circuit arrangement. 

A string of lights may be made to flash, or turn on and off, by including a flasher light 
lamp as one of the light lamps of the string. Such a flasher light lamp typically includes a bi- 
metallic strip which conducts current to the filament. As the bi-metallic strip heats up, it 
moves away from the filament and breaks the current connection, causing the bulb to turn off. 
20 The bi-metallic strip then cools and returns to the initial position, allowing current to flow 
and begin the on and off cycle again. All of the bulbs in such a light string turn on and off 
simultaneously, as the lights are connected in series. 

SUMMARY OF THE INVENTION 
The present invention advantageously provides methods and apparatus for an 
25 improved series connected light string. In one aspect, the present invention provides a 

voltage regulated filament shunting circuit for use in connection with a series connected light 
string of incandescent flasher type light bulbs. Each flasher light is connected in parallel with 
a silicon type semiconductor shunting device. The shunting device has a predetermined 
voltage drop value which is slightly greater than the voltage normally applied to said bulbs. 
30 The semiconductor shunt becomes more conductive only when the peak voltage applied 
across the shunt exceeds its predetermined voltage drop value. The predetermined voltage 
drop for a particular shunt is exceeded whenever its associated flasher lamp opens 
periodically as it is designed to do or if the flasher lamp becomes inoperable. Such a circuit 
arrangement provides for the continued flow of current through all of the remaining lamps in 
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the string, together with little apparent change in illumination from any of those lamps 
remaining operative in the string even though a substantial number of total lamps in the string 
are simultaneously inoperative or turned off. All but one lamp may be inoperative or off and 
the sole operative lamp will continue to operate. 
5 The silicon semiconductor shunt of the present invention is designed so that it is 

always conducting, regardless of whether its associated lamp is "on" or "off 1 . The shunt 
operates in either of two low impedance states, or in other words, two conducting levels. By 
operating the silicon semiconductor shunt between two low impedance conducting levels, 
better voltage regulation is obtained. Effectively, neither of the two low impedance states 

10 rises above several hundred ohms. The operation of the shunt in this invention occurs in the 
steep part of the electrical current-voltage (IV) curve beyond the "knee" where the slope rises 
sharply. Although the light string operates somewhat less efficiently in terms of power 
consumption when operating in this manner, the increased voltage regulation obtained as a 
consequence of this operation results in an almost flicker-free operation of the string as lights 

1 5 turn on and off. Visually, the effect is highly appealing. 

The two conducting levels of the semiconductor shunt device can be defined as the 
sustaining level and the lamp filament replacement level. The sustaining level is the higher 
resistance of the two resistance levels in the silicon semiconductor shunt. The impedance of 
this level is two to eight times (preferably two to four times) that of the lamp resistance when 

20 operating normally. Further, the impedance at this level is selected so that it is not more than 
about 200 ohms, and preferably not more than about 100 ohms. The lamp filament 
replacement level is that impedance which closely matches or is slightly greater than the 
parallel equivalent impedance of the lamp operating in parallel with the shunt device, 
typically between 12 and 25 ohms. 

25 It is therefore a principal object of the present invention to provide a simple and 

inexpensive silicon type semiconductor voltage regulator filament shunt, or bypass, for each 
of a plurality of series connected flasher light bulbs, the filament shunt having a 
predetermined conductive voltage drop which is only slightly greater than the voltage rating 
of said bulbs when operating, and the shunt becoming more conductive whenever the peak 

30 voltage applied across the shunt exceeds its predetermined voltage drop conductive value. 
Thus, a continued and uninterrupted flow of current is provided through each of the 
remaining lamps in the string, together with little apparent change in illumination from the 
lamps. 

While this invention is directed toward tighter voltage regulation, which is desirable 



for a multi flashing or twinkling light string where all or most all of the lamps are of the 
flasher type, a light string in accordance with the present invention may comprise all regular 
(non-flashing) lamps or a combination of regular and flasher lamps as well. 

It is another object of the present invention to provide a new series-connected random 
twinkle light string which has the desirable features of the lamps flashing on and off at 
various points in time and yet is of very simple and economical construction and is relatively 
inexpensive to manufacture in mass quantities, thereby keeping the overall cost of 
manufacturing the final product at a minimum. 

It is still another object of the present invention to provide a series-connected light 
bulb string in which the light emitted from each flashing incandescent light bulb will 
optionally appear, disappear, and reappear independently and continuously along the entire 
string, thereby creating a most striking, novel and unusual twinkling effect. 

A more complete understanding of the present invention, as well as further features 
and advantages of the invention, will be apparent from the following detailed description and 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows an electrical schematic diagram of a series connected light string 
utilizing back-to-back Zener diode shunts in accordance with the present invention; 

Fig. 2 shows an exemplary current and voltage graph of a shunt in accordance with the 
present invention; 

Fig. 3 shows a table summary of the operating regions of a series connected light 
string in accordance with the present invention; 

Fig. 4 shows an electrical schematic diagram of a series connected light string 
utilizing a diode array in accordance with the present invention; and 

Fig. 5 shows an electrical schematic diagram of a series connected light string 
utilizing single Zener diode shunts in accordance with the present invention. 

DETAILED DESCRIPTION 

The present invention now will be described more fully with reference to the 
accompanying drawings, in which several presently preferred embodiments of the invention 
are shown. This invention may, however, be embodied in various forms and should not be 
construed as limited to the embodiments set forth herein. Rather, these embodiments are 
provided so that this disclosure will be thorough and complete, and will fully convey the 
scope of the invention to those skilled in the art. 

Fig. 1 shows a schematic diagram of a series connected light string 100 in accordance 
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with the present invention. Input terminals 10 and 12 are adapted to be connected to a 
suitable electrical source, such as 120-125 volts of alternating current normally found in a 
typical household or business. Connected to the input terminal 10 is a first terminal 14 of a 
first electrical flasher light bulb 101. The electrical flasher light bulb 101 may suitably 
5 include a bi-metallic strip 15 which conducts current to a filament 17 of the bulb 101. As the 
bi-metallic strip 15 heats up, it moves away from the filament 17 and breaks the current 
connection, causing the bulb 101 to turn off. The bi-metallic strip 1 5 then cools and returns 
to the initial position allowing current to flow through filament 17 so that the bulb 101 turns 
back on. 

10 A second terminal 16 of the first bulb 101 is electrically connected to a first terminal 

18 of a second flasher type light bulb 102. Further light bulbs 103-135 are operatively 
connected in between the input terminals 10 and 12 to form an electrical series connection of 
light bulbs 101-135, as shown in Fig. 1. In a preferred embodiment, each electrical flasher 
light bulb may be suitably disposed in an electrical socket. While in a preferred embodiment 

15 a light string in accordance with present invention comprises 35 light bulbs, it will be 

recognized by those skilled in the art that a greater or fewer number of light bulbs may be 
used without departing from the teachings of the present invention. All the lights in the string 
may be of the flasher variety as presently preferred, or only a portion may be flasher lights. 

Operatively connected in electrical parallel across the electrical terminals 14 and 16 of 

20 the first light bulb 101 is a first voltage sensitive silicon semiconductor device 21 which 

effectively functions as a first voltage regulating device, as described in greater detail below. 
Likewise, operatively connected in electrical parallel across the electrical terminals of the 
second flasher light bulb 102 is a second voltage sensitive silicon semiconductor device 22 
which likewise effectively functions as a voltage regulating device. As shown in Fig. 1, 

25 further voltage sensitive silicon semiconductor devices 23-55 are connected in parallel with 
light bulbs 103-135, respectively. 

In a preferred embodiment, as described in greater detail below, all voltage responsive 
silicon semiconductor devices 21-55 are of substantially identical construction and have a 
characteristic, such that, when operating in a low impedance state, the value of the impedance 

30 of each semiconductor device would be equal to approximately two to eight times, and 

preferably two to four times, of the filament impedance of the lamp operating normally, but 
not more than 200 ohms, and preferably not more than 100 ohms. When highly conductive, 
i.e. in a lowest impedance state, the impedance of each semiconductor device has a value 
closely matching or slightly more than the parallel equivalent impedance of the 
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semiconductor device in parallel with the filament of the corresponding light bulb when the 
light bulb is operating. In other words, when the semiconductor device is in the lowest 
impedance state, its impedance is equal to or slightly greater than the parallel equivalent 
impedance of the light bulb and the semiconductor device operating in the low impedance 
5 state. 

Thus, if a light bulb burns out or turns off, the shunt becomes highly conductive and 
begins carrying the full current of the series connected light string. If a light bulb burns out or 
turns off, the current carried by the shunt is equal to or only slightly less than the current 
carried by the string when all of the light bulbs are on. If, for example, all of the lamps are 

10 off or removed from the string, the supply voltage of 120 volts AC, appears across the series- 
wired 35 shunts. The current across such a string that is void of all flasher lamps is 
approximately 65 milliamperes. Also, any number of lamps can be removed or off with the 
remaining lamps in the string continuing to operate - even if all of the lamps are removed 
except one. That lone lamp will still operate. 

15 As the preferred input signal for the light string 100 is an AC signal comprising a 

sinusoidal waveform which varies from a positive peak value to a negative peak value, the 
operation of the semiconductor shunt device at the low impedance state and the lowest 
impedance state refers to the state of the semiconductor shunt device at the peak values. In 
other words, the terms "low impedance state" and "lowest impedance state" describe the 

20 operation of the semiconductor shunt device at the peak, or extreme, points of the power 
supply signal cycle. These peak, or extreme points of the power supply signal cycle occur 
when the first derivative of the AC voltage supply signal across the shunt is zero. 

When the light bulb is operating, and thus the semiconductor device is operating in 
the low impedance state, each semiconductor shunt device carries at least about 20%, and 

25 preferably at least about 30%, of the total combined current passing through the 

semiconductor device and the light bulb, in other words, the series connected light string. 
The increased voltage regulation obtained as a consequence of this results in almost flicker- 
free operation as light bulbs turn on and off, as a continued and uninterrupted flow of current 
is provided through each of the operating lamps in the string. 

30 In a preferred embodiment, each voltage sensitive silicon semiconductor device 

comprises two semiconductor devices known as Zener diodes connected in a back-to-back 
configuration, also known as an inverse electrical series connection. For example, as shown 
in Fig. 1, the voltage sensitive silicon semiconductor device 21 comprises two Zener diodes 
21a and 21b. The Zener diodes 21a and 21b provide desirable characteristics for an excellent 
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voltage responsive shunt functioning as a voltage regulating device. Such back-to-back Zener 
diodes are readily available in the market place at relatively low cost, and this is particularly 
true when they are purchased in relatively large quantities. 

In a preferred embodiment, each of the 35 flasher lights of the light string 100 of Fig. 
5 1 have a voltage rating of approximately 3.5 volts, root-mean-square (RMS). The effective 
voltage rating for the entire string would be determined by multiplying 35 times 3.5 volts, 
which resultant product equals approximately 122.5 volts. Such a string is normally operated 
with power supplied from a 120-volt AC standard house electrical supply which has a peak 
voltage of approximately 1 70 volts. By electrically connecting two Zener diodes in a back-to- 

1 0 back inverse-series connection, with each having a peak Zener voltage rating of 3 .3 volts at 
10 milliamperes, across each lamp, the voltage across each individual lamp, with 215 
milliamperes of current flow through the light string, cannot increase beyond approximately 
5.0 volts peak. When a flasher lamp is illuminated, or "on 11 , in the string, the voltage across 
that particular lamp is approximately 4.9 volts, peak value. 

1 5 With two Zener diodes, each having a Zener voltage rating of 3.3 volts connected in a 

back-to-back configuration across each lamp in such a string as described, there is a partial 
current flow through the Zener diodes, and a partial current flow through each of the series 
connected flasher lamps which are in the "on" position. When a flasher lamp is "off, is 
removed from its respective socket, burns out, or the like, the lamp voltage appears as an 

20 open circuit and voltage across that particular lamp begins to rise toward the value of the 

applied line voltage. However, the two 3.3 volt Zener diodes connected back-to-back across 
that particular lamp limit the voltage seen across the lamp to approximately 5.0 volts peak 
before both Zener diodes begin to more fully conduct. This peak voltage is only slightly 
greater than the approximately 4.9 volts peak voltage that was dropped across the respective 

25 socket when the corresponding flasher lamp was operating properly in the "on" state. As a 
result, the remaining lamps in the string are little affected by the extra fractional voltage drop 
occurring across the Zener circuit. The partial Zener current and the partial lamp current now 
passes through the Zener circuit. 

Fig. 2 shows a current-voltage (IV) curve 200 illustrating the current and voltage 

30 relationship for a suitable shunting device 21 comprising two back-to-back Zener diodes in 
accordance with the present invention. During normal operation, when the light bulb 
connected to the shunt in parallel is operating, the shunt operates around points 202 and 203 
on the IV curve 200 at the peak, or extreme, points of the power supply signal cycle, or when 
the first derivative of the AC voltage supply signal is zero. In this region of operation, called 
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the low impedance state or the sustaining level, the shunt has a relatively low impedance at 
the peak, or extreme, points of the power supply signal. This relatively low impedance is two 
to eight times, and preferably two to four times, the normal operating impedance of its 
associated light bulb, such as light bulb 101 of Fig. 1. Thus, for a light bulb having a normal 
5 operating impedance of 20-25 ohms, the impedance of the shunt may be 40-200 ohms, and 
preferably will be 40-100 ohms when the light is operating. Thus, while the majority of the 
current will flow through the light filament, the shunt will conduct a relatively substantial 
amount of current when the light is "on". For example, if the current through the light when 
the light is "on" is about 1 50 mA (RMS), the current through the shunt may be about 65 mA 
10 (RMS). When the light turns "off, the shunt then begins to conduct about 215 mA (RMS) of 
current. 

When the light is turned off or not operating, the shunt operates near points 204 and 
205 on the IV curve 200. In this region of operation, called the lowest impedance state or the 
lamp filament replacement level, the shunt impedance has a relatively lower impedance, with 

1 5 respect to the sustaining level of operation. This relatively lower impedance is selected to 
closely match or to be slightly greater than the parallel equivalent impedance of the shunt in 
parallel with the impedance of the light when operating. Thus, for a light impedance of 20-25 
ohms, the impedance of the shunt is now approximately 16 ohms or slightly greater. With the 
light not operating, all of the current flows through the shunt circuit, allowing the other lights 

20 in the string to continue to operate. The shunt now carries the sum of the lamp current plus 
the normal shunt current. 

Fig 3 shows a table 300 summarizing exemplary modes of operation of a light string, 
like light string 100, in accordance with the present invention. When voltage is applied to the 
light string of the present invention, the shunt device never operates in a high impedance state 

25 at the peak, or extreme, points of the power supply signal. Thus, a relatively significant 
amount of current (RMS) flows through the shunt device. This condition results in better 
voltage regulation and a flashing light string which does not offensively flicker as lights turn 
off and on, as a light string with poor voltage regulation may. 

Furthermore, each back-to-back Zener diode pair, or dual Zeners, is prevented from 

30 destroying itself as a result of the well-known "current runaway" condition, due to the current 
limiting effect provided by the remaining series connected lamps in the string whose total 
resistance value determines the magnitude of the current flowing therethrough. 

In an alternate embodiment, as shown in Fig. 4, a diode array, such as the diode array 
described in U.S. Patent No. 6,084,357 could be used as well for the silicon semiconductor 
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shunt in this invention. U.S. Patent No. 6,084,357 is assigned to the assignee of the present 
invention, shares common inventorship with the present invention and is herein incorporated 
by reference in its entirety. Fig. 4 shows a light string 100' comprising light bulbs 101-135. 
Connected across each light bulb is a diode array shunt. For example, connected across light 
5 bulb 101 is a diode array shunt 421 comprising diodes 421a, 421b, 421c and 42 Id. The 
diodes of the diode array shunt 421 are selected to allow the shunt 421 to operate in a 
substantially similar fashion to shunt 21 described above. 

In another alternate embodiment, as shown in Fig. 5, a single Zener diode may be 
utilized with a light string operating on direct current, instead of alternating current. Fig. 5 

10 shows a light string 100" comprising light bulbs 101-135. Connected across each light bulb is 
shunt comprising a single Zener diode. For example, connected across light bulb 101 is a 
shunt 521 comprising a single Zener diode 521a. While the power supplied to light string 
100" is DC, for AC operation a single diode 513 may be used as a half-wave rectifier to 
supply DC to this circuit. Alternatively, the output from a bridge rectifier could be used to 

15 supply the input power for full wave DC operation from an AC source. The Zener 521a of 
the shunt 521 is selected to allow the shunt 521 to operate in a substantially similar fashion to 
shunt 21 described above for one polarity of operation. 

Having so described and illustrated the principles of my invention in a preferred 
embodiment, it is intended, therefore, in the claims which follow, to cover all such changes 

20 and modifications as may fall within the scope and spirit of the following claims. For 

example, it should be readily apparent to one skilled in the art from the present teachings that 
other shunt devices could be used with equal success such as a diode array. Further, different 
Zener voltage ratings would be used for different lamps or a different number of lamps. It 
will also be understood that standard non-flashing 3.5 volt miniature incandescent lamps can 

25 be substituted for flasher lamps in such a string if it is desired not to have a string with 100% 
flashers. Any combination of flashers and non-flashers can be used, as desired. 



